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Thisinvohiic t m exchanger performance monitors. More sp n o./ontiun relates 

to a performance monitor for generating a fouling factor of a heat exchanger. 

Hit pen ii .in i ifnngerscanbemoniioi uiam n i ' 

calculations which, hitherto, h 

Such performance calculations have been disclosed in "Trouble-Shooting Compression Refrigeration 
Systems" by K. J. Vargas, Cham. Engineering, 22 March 1982. 
In oidei u i I hi [ ( i [ 

ii, iii must bo accounted foi by the t 

extended calculations. 

Experimental data has also been used to di 
"Controlling Chiller Tube Fouling" by G. Leitner, ASHRAE Journal, Feb. 1980. Such experimental data is 
not, however, always available. 

Currently, computers are employed to determine the performance of heat exchangers in a prompt 
manner, ihe continuous availability of pent i ii i i I 1 'i i pi .1 l< in 

as tboy occur, Hmsevci, , , nn , i , i ui h [I I i ( ; a In ml in personnel, u i i I 
in high costs for monitoring the hoot exchangers. 

According to tin; present invention there is provided a heat exchaim i . i»<iiii ... i moniloi toi 
generatingafoulingfactorindicativeofthecleanlinessofaheatexchang'i h 'no in i < hange surface 

I I! I II 111 I I I I III ll 1 

area and a heat exchange fluid which pai s . agi inst an opposite side of the heat exchange surface area, 
the performance monitor comprising: 

first temperature transmitter means for supplying a first signal corresponding to an output 
temperature of the medium exiting from the heat exchanger; 

second temperature transmitter means for supplying a second signal corresponding to an input 
temperature of the medium entering the heat exchanger; 

third temperature transmitter means for supplying a third signal corresponding to a temperature of the 

I I I I I 1 | I ll I I HI ( 

first: mass flow rate means for supplying a fourth signal corresponding to a mass flow rate of the 
medium passing through the heat, exchanger; 

second mass flow rate means for supplying a. fifth signal corresponding to a mass flow rate of the heat 
exchange fluid passing through the heat : exchanger;^ 

transfer coefficient of the heat exchanger as a function" of the fii i id fifth signals', the heat 

exchange surface are i, > nd | ifi< heat value of the medium; 

means for calculating a seventh signal corresponding to a nominal heat, transfer coefficient of the heat 
exchanger; and 

a divider unit connected to the actual heat transfer module and to the n i. I i I ilating the seventh 
signal, and being operable to calculate an eighth signal corresponding to a ratio of the nominal to actual 
1 1 i i 1 iii M m i hi in ii , a, i i i ii i ii i i 

A ill I a I h, in i ihf l < I hi Ii ) M i I ll III' ' 1 

monitoring system oi iimul ni 'hah lia a in U .i i n in in < in> n aoiiipli iiohikh mg 
ay Siena, while eoscioo ion:: am i lain to I a: Pol a t one, alien, i srei , iii illy. the e< is-.-.ioi at,.oa a ai , ensile, > ooaion si 
avail aa a compute- no-*. con aw ted so the pi-otevnd i nontte- cavil m. lyii ig the Invention. 

i blocks which are structured and 



i'hc Invention is applicable to heat i eve h a ng era such aa -pna Coolers, air so, .lore,. escapes s.i oi s anil 
i i 'ir.es having heat transfer su < m [impose of 

ion Mining -iesili'ig am! lainggia.g, '"i he tonvi -''heat exchanger" ia therefore to be consul. oh ho, only a 
nn in ii 1 1 hi 1 ii ho invention can be used, for example, to defetunni h< i 
ot blowing operation should be commenced in a boiler. 
The invention will now bo further described, by way of illustrative md non-limftin npl 

in.it i 1 I a n 

Hgu-re 1. Is a schematic block diagt-an-i showing an evaporator as an example of a heat exchange,- a, 
mbination with i no n oniror embodying the present invention; 

.•tun i bl. ai so, ot I, ii auo nieior monitoring logic of the performance n 

iterating a signal corresponding to a fouling factor of the heat exchanger; 
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'i' diagram showing a water surface film module used in the un t i 
Figure ''! is a biu(-:k diaurarn :;hov/mg a rcfrioeront euriaoo film module usad; in the olrunii o.i I iuuio 
facjure d ic a block diagram of an analytical hoat transfer modulo nsod m tho circuit of Hcjure and 
ill I i i <.iii > 

I i iiii ii j i i i i Viormance monitor which is particularly useful in 

monitoring the extent of fouling in a heat exchanger and, in f mil p a mi 

As noted i.hovo cursor i In; reasons fos doqraded perfonYinuco of a hoa; oxalfauoor ia ioaHnu. I iu.ua; aro 
u Ik i n ,ou urn t mluw, which may redtic i i I " 

however, isolates the effects of velocity to single out fouling as the cause of degraded heat transfer, I he 
q = U.A. At m (D 

where: 

q •= heat flow (W or Btu/h), 

U = overall heat Iran ,. i < u , > "iii'.K or Btu/h.ft 2 .°F), 

A = surface area (m a or ft 2 ), and 

AT m — logaihliin i i - nerence. 

The measured (actual) value of U ac! is compared with its normal value to determine the extent, ot 
fouling. The actual value is found from measurements as: 



Each value on the right hand side of Equation (2) is measured or known. 

In general, two different fluids {such as water and refrigerant) exchai ii h< I ("he hang in mean 
temperature, AT,,,, is written as a function of T|, 0 , » medium input, T«,w = medium output, T' C0 | d - 
refrigerant (or heat transfer fluid) input and T' hot = refrigerant output. 

The function is: 



As shown in Figure 1, T refers to chilled water temperature and T to refrigerant or fluid temperature 
where the heat exchanger is an evaporator and where water is the medium. T' may be constant and 
Equation (3) still applies. The value of q can be measured as the heat picked up by the wafer. The q value is 
found from measurements of T ooW , T hol and water mass flow rate M w as; 

q = C p M w (T Iia , - Tea,,} (4) 

where C p = the specific heat of water, which is known. The area of the heat exchanger is known as well. 

The actual value of the heat e i ( (_)«,) is found horn ib •< < a » by combining 

Equations (2) and (4). The otiuinal oi nominal value (U BVfl ) oi >n u i i a i i mindly 

calculating a given fluid velocity and temperature conditions ' h k qive the r< latton for 

Ml i'l< / Kh chilled water inside the tubas, U is given by: 



i 

w 



U\ illl ' ' 

I,, , h, film o alii louts for water and refrigerant, 
;f - . wall thickness.:, 

K t = thermal conductivity of the tube material, 
A m - mean area, 

A ot A, >= outside and inside areas, and 

In case"!)" 9 is provided by the manufacture of the evaporator. Equation (5) should be checked against 

u I nui , I ( .mi . ,ui nluction factor K, if needed. 

The values of h r , h w are velocity and temperature dependent and the K value may be temperature 
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dependent limim i In should be calculated, and U should be updated in order to compare it 
■A/hn ox.niininonl.nj dare.. 

A general formula for the h (film coefficient) value is given by: 
K Md n uC B m 

s h = C - ( 1 (— ) (6) 

dp K 

d = tube diameter, 
I' ^ ilniiinnl i.:oi ifiui.Jivi ; v' ilu: :i"ici. 
M = mass velocity {(g/s.m 2 ) or lb/{s.ft 2 )), 
p = viscosity, and 

i i [ h uopi Although the form of 

" ; ! I'liiiUinn ({>) m:iy iliiixu in iii icuiiil (.aim:; imnh m; -'iiiwuiu itwids, Hiu saimi tonm; are- used, 

i i i. Hi ii 1 1 i ' .i Mi i 'i u I ii i il ' i 1 ' 1 I i ' i " I K 1 " fl< 

and velocity. The corrections on nominal values of h r ° and h„°, due to the variations of the temperature and 
the velocity, are made. 

The . , ii ov;i[)G.',.u.r i i i il u , 1 in I I i < 111 in I ' 1 n w- ' 

20 applied to a flooded evaporator 10 with water inside tubes shown schematically .'i i h i 

velocity will be small as compared with othertypos of evaporators. Howevei, mass vcloi i , i nn i 
can be taken from measurements of compressor inlet flow at an inlet 16 of a compressor 14 or it can 

n / i i n i l I l ii i i i ' 111 It il ' i'i •»>' at its ' nlet 

16 are utilised. 

25 The evaporator system used with the evaporator monitor is shown in Figure 1 i oul i ii i 

20 is shown in Figute 2 and includes foul modules, nnmi I i i ce film module 30, am i 

surface film module 40, , I t uansfer module 50, and an acui.. mum nodule 60. Note 

that the valiK i m h n >l i into the water surface film module 30 (detailed In Figure 3} to 
calculate the surface temperature Tsof the tubes. Similarly, the refrigerant surface film module 40 oi Figui 

30 2 is. shown in detail in Figure 4. The values h w and h r are fed into the analym II " n u 

(shovtu i tural data to calculate the origin. I m nonnn. I value of heat 

transfer coefficient, U ava , as in Equation (5). Theactual value of heat transit i U is determined 

in the actual heat transfer module or unit 60 shown in detail in Figure 6. Going buck to Figure 2, the fouling 
factor, FF, is determined as the ratio of actual and original values of U. Namely, 



(7) 



The value of FF gives an indication of the cleanliness of the heat transfer surfaces independently of the 

This fouling monitor logic 20 is general and applies to other exchangers. The structures of Figures 3 
, i i M i i l n i i i n monal modules 

iii i u iii i and K 2 •= 0. 

Hie Villi : nil: ;:,;: , fv; ' 1 ': << ' h ' ' lin i I n ' 1 ill ' M| ii i,> 

art; tjonorrttod !;y varying n j>m inmlm vnmbh: in l-giinfion !<>!. I ho mmjg.e • ,f mom i-miog ii,,, innei.iom; is; 
qiviiil 1 ' 

i!li/M j< liool- 

Cor id(i n > i non-linear function i i i i i > 11 



'''I n I i nominal condition!-,- dm 



h w = G(T W , M w , T„! (81 



K° = G(T W °, M w °, T s °> 



h w 
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Watci tool i i j 

the monitor embodying the invention. The heat transfer q can either 
water parameters and using Equation (4) or using the refrigerant s 
value for a condenser is written as: 



n the same way as the evaporator by 
e calculated by in" i.m« i'.ihIi u < i 
de measurements. In that case the q 



in i i i n .i i' i I"' n .in 

For evaporative condensers, there 

I >n. inn * i , i .'I iothe other 

for refrigerant to air is used as AT,, 



tsers it is bettor to use Equauoi ( i n <i ' n u < "1 " 

i , i ,i ii | nl l h i! . <l inn' I' 

an intermadiate fluid (water) between refrigerant and air. 
ss. The average value of AT ra for refrigerant to water and AT m 



For the analytical heat transfer coefficient, three surface film c< i lents have to be calculated. Their 

calculations are covered in Equation (6). A modified relation over Equation (5) is: 



■ r f) 



where: 

h a = film coefficient for air. 

To avoid undue complication, manufacturer's data shoi I • ' 
as in Equation (10) cart be developed from the manufacturers data 

become impractical. ^ temperature transmitters TT„ TT 2 and TT 3 are associated 

! ", !' ! ' ;, ' ii::t ' ip';' V> '.''vir-i.ii'v.-'ih!. ■■'•ii'i'i.':'- 1'.!"-'- "'> ^• fit!iii " , i 

' " fl/hichhas a temoc <,n > " ' I" 1 u, l 1 

in this case com war r, . transmitter TT, n i - 1111111 m ' 

ll'A'nr , !t™ Z A «nn to imnuatuie value , 1 
i /w ubo.,ba 1 inc.l i ■ in - 

1 ' , Iterant or other heat exchange fluid in another heal exchange, envi, 

^ ' r „'.;,;;»: m ^iVu.c f-,:^,....!, im: ovn K , r nLor ',0 obf/.lnnril,,.,,, , i! > ^ M 

inlet tOof tJic ■ . i »own structure. The signal from h r a is applied t- 

monitor logic 20, , v , 

rim iuvv:! i.ii I'liiiiiiciaiit in fin; ovapcn-ii oi 'Hi is mewii'iron uy n itm m ..h ,' 
.-.iMnininn the . nil Hi mi or nominal 1 icai. t. niiaioi coivninioni '-/ninn '<•■• :<v; ;;.i i.i In i •/ t,<n,'. ■■• 

, i .I ' 1 how tra " s '"'™; i( f . 

Iho iohiu. i i 1 «> 1 ' y the compressor 14 in the tetn k 

The refrigerant is supplied through the condenser 18 which ss also cooled by a cooling u 

kn0 RiS"' Chows the fouling monitor logic 20 which forms the performance monitor embodying the 

'"^Se actual heat transfer module 60 is connected to r ,; m„ . y> | ' '/,,""', „, 
, wel , E! | I in unit 19. As shown in greater detail in Figure 6, the module 



,l. .,ls... oi 
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i ii i ii i i * it u oct . 

The original cm nominal heat transfer coefficient U ovn can be used as 
-.soooaiood asiao -he iln'Bt; modules 30, 40 and 00 shown hi Figure 0 and d 
respectively. 

The nominal >,i m'ioieai oesieasiiisTOf ooonioieoi U.,„„ is divided by the noi^id v;iduo. U,„„ In eiiisi oivmos 
i ' i i , i , ,] , in i i ,i [ i . id m i i nation (7). 

i "inure 0 shows die water si niece dim modulo 00 "I'hioh oass aimpiiemooii. m lol tume seas as summit's; 
units 3?, mulii, Ii i mi i m u i I m ■ I h 1 n 

complicated units, to generate the values t\ and I uoin I qudtion (6) by the use of Equation (6! and 
1 qi alion. (8) u ' I, ' I ' u i u o In in u , i i uu i 

Function generators 31 are utilised to geneiate moie corni I motion ut aio also of modular 
design. These function genoiau t nil mi i i i i n()l|. 

Figure 4 illustrates the refrigerant surface film module 40 for calculating ty Here again function 
u, in n,(<i I i |0 i i mi i i ii i m m i ' i | i in (Ml 1 il 

as multipliers 44 and summing units 42. Optional modules 43, which are similar to the modules 38 ot Figure 
3, are also provided. 

FiguicOill I i I 1 1 

i .del o nd, ii, ,, ii,,e. film module 40, and is also made up m in, I n . im I mm "Ii 
i hi in i n iii j i i i i i I i i iii II 

the nominal ! i ' I '' nn the units 30 

end 40. msoeauvoiy' "i lie sU'Uouiial date ss deaei fbed in !:(;oaiioa (0) ii; alau utilised.. 

ill 1 I ( I i I ( ) 

i del. i. Hi i Ii .1, ill ,1 , I e |,|. I i > H H ( N 

1 e i nil lie , i , . an e: op| II • 0 die In isi n im a ie. 1 1 is 1 1 r.s I I I ' and I ' . 

mass flow meter 67 (ot known - . I In n an m , mi phi 0 

1 1 ii , i n i i 1 1 I -i m i im I I '•' < u In i 

the surface area of the heat exchange surface. A divider 66 i 

to obtain the ratio wh(.( , 1 ee.nl n, i • M n in a function unit 61. I end i i i < << 

generate ultimately the U„ M value, according to the following equation derived by directly substituting 
Equations? (3) and (4) into Equation (2): 

XJ _ c p M w (T hot" T coid) _ 



Since a single temperature is used for refrigerant input and output temperature 
described above, let T'„ 0! » T' coW = T r . Simplifying Equation (14) yields: 



S M w (T hot-W . 

A « 0 T hot-V-< T cold~Tr3 



a is ee e , , ;he , , sod com pal i i a lined e. see i i i 

<|i. I i l ii ', i , . i I 

Uaiioy Controls Company. I lie nso ol siioa a modular nrrangomont avoids tho oso oi a oompHier maO as 

i ffi tedhi< qe to achieve the same purpose. The monitoring purpose is also 

ii hioved i, ipp till. 

Claims 

1. A heat exchanger performance monitor for generating a fouling factor (FF) indicative of the 
cleanliness of a heat exchanger (10) having a heat exchange surface area for transferring heat between a 
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medium which passes against one side of the heat exchange sut face aic< 1 

,1 neaee anjainat asi opposite side of the heat exchange surface area, the peitsa miinis' nieneoi emiipi isinn. 

i [i i i [ i i I" Jn output 

I i ic (! told ) of the medium exiting from the heat exchanger (10); , 
e( omi u i miuei means (TTai for supplying a second signal corresponding to an input 

thlid tempt i ei . n i i . means (TT 3 ) for supplying a dm > en i i n >" > f ' 1 1 1 
(T r ) of the heat exchange fluid on the opposite fcid nu I. , .. 

it j i i I i! pi i k 1 1 i i i i ilow rate (M w ) or 

second mass flow rate means (Fr 2 ! for supplyinrj I i 1 

, , ,h ,,. i iugthi ugh \he heat exchanger (10); 

i , i leoiod io the fil I 11 

means (TT,, TT 2 , TT 3 ) and to the second mass flow rate means (FT 2 ) foi calcul a sixth signal 

corresponding to an actual heat transfer coefficient (U oct ) of the heat exch m ( n) .unction of the 
first, second, third and fifth signals, the heat exchange surface area, and a specific heat value of the 
medium; . „ . , 

111 ill i 1 uuc i (U iW11 l 

of the heat exchanger (10); and . , 

a divider unit (61) connected ) i wi II > i i i m< u! ( n mi I m ' ("I 1 
calculating the seventh signal, an H i >, 11 . u| i h my <o t uiio o. 

the nominal to actual heat transfer coefficients, which ratio corresponds to the fouling factor (H-) ot. the neat 

eXCh 2 a . n A heatexchanger performance monitor according to claim 1, wherein the means (50) for calculating 
li i M I in , in i l. nodule (30) for calculatii.r, a HI... .:oof!icientjlv ofthe 

h signals correal nm i m > di- output and input 
temperatures (T„ ld . T hot ) and mass flow rate (M w ) of the medium, a heat exchange fluid surface film module 

I mi i i i i ) for the heat exclnn ' i ' ' ill 

signal, a surface temperature (T s ) of tubes in the heat exchanger and a level of the heat exchange fluid in 
i i ,i i i u transfer module (GO) connected to the medium surface film 

.■el (<ii ,, , m h( i„ duid surface film modt.i (" i . I i i a, n w <f * «iS nal 

corresponding to the nominal heat transfer coefficient (U ava ) as a function of the medium and fluid film 
coefficients (h w , h r ) and of structural data of the heat exchanger, _ • 

3. A heat exchanger performance monitor according to claim 1 or tl .i > •. ' i ' >» 1 1 1 
transfer module (60) comprises a plurality of difference units (63), a plurality of multiplication units. (6.4, bb), 
a plurality of division units (66) and a natural logarithm function unit (61 ), all of said 

together to calculate the actual heat transfer coefficient (U 00t ) for the heat exchanger according -to the 
function: 



Uoct ■ — ' m (- ! 

A T Mld - 1, 



where: 



i i ,, i i In medium, 
mass flow rate of the medium, 
iss tut,- inptu i i iii 'i medium, 
if. the output i ' 



a isihe iemmmams an ii m neal. exeliamm m an m i a an ,, ,n< a.aie side erme heat exchange stamen seem 

4. A heat exchanger performance monitor according to claim 1, claim 2 or claim 3, wherein said 

i >' Vdtoi. , , . , • 

5. A heat <«•« Ik - i-auce monitor according to any one of the preceding Una vrtterem mo 

h '^^^'^"Jl 9 ^^ ^g^parformance monitor according to any one of claims 1 to 5, wherein said heat 

! ' | ' , I t i -m , I! MM Hh 

eXf ' h 8 d _' ^^ea^emhangerpertormance monitor according to any one of claims 1 to 5, wherein said heat 
exoha ^^^^^^^^^ monItor according to any one of claims 1 to 5, wherein said heat 
ham i (10) is a condenser. 
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: .:.;.;;|r s 'iich(j 

■I. tJbewaolnii.osgorai ftlr die Wirksamiccil oiuos Wiu.eeii.usd.i^ /'<<" >^ J ! , ')° 11 , 
Anwuchsfaktors (Ft), wi I izeige fur die Sauberkeit dea Warmetauscnsrs ( iu) si, G " 

Warmetaust.h ,1 1 i 1 - • ' ' 1 1 

■; e !v« 'J«; WSnfiife^ebn.iiaoheel^reiehn, ,/ui boio.reieht, ..ml n.il omen- W«, , I no, . . - 

de. gegenubed.egendn, elte des Warmetausel 

eine erste iempei I I miichtung fTT,} fur ()e I • <; ' v , ' 

einer Temperatur (T r > do ; i l.ilmds auf dei gegenuberliegenden Seite des 

e,n< erste Masw.uh. > j (H,) fu. die /nr. „ ii . H ns N ^ ,,el 

MassenfluBrate (WIJ des Mediums entspiicht, wel. I. • ' " ' >" 1 lln< ^h" einer 

MassenfluBrate (M r ) des Warmeaustauschfluids entspricht, welches durch den Warmettuaohsr UU) 
hindurchtrttt, ,, ^ , ^, m it-n nnH (irittun 

mi I. IVIodu! ( j j } i n i< i, ,i i i in i. i i i ■ i 

Te^turuber^ 

und funften Signals, des Warmeaustauscherflachenbereiches und des Wertes der spezifischen Warme des 
M6 tr E ffi 8 (60) - Berechnen eines siebten Signals Welches einem nominellen 

,u i 1 1 [ 1 1 1 i ' 1 1 (i , i hi ! " I- In hi. ' 

ti^^mXk (61), welehe mit dern Modal (60) fOr den tatsachllchen Warmeubergang u d m 
der Einriohtung (60) z um Berechnen des siebten ^^g^ "^Zt^ 't*tfh dfin 
aohtes Signal berechnet, welches einem Verhaltnls des r 

WSFrneabertragutujf.kni i.i/n n > i. i nu' ><<'•> < ' <<• !i 

FF) des Warmeauschers (10) enstpricht. 

Einriohtung ™.m Be.o.hnon des s.ebten S.gnale- o.nen Modul (30) fur en, i \TvtZ\ 

analytischen Wannc ul ID > 1(1 1 1 " ' , .,„ 

J ,n mi P.ochend dem noma II ' m > ... P .;. ' > -> < 

(IJ W ) ale Funktion dei Modi..... n II ,ri ,1 ,,! cr nVien.en (li,, H r ) und atruktureller Daten des 
W *T0^Z g"fTdte Wirksamkeit eines Warmetauschers nach Anspruch 1 odor 2, wobel der 

Mehrzahlv nM ■ ' 1 1 ' « '"•!? "*»»? h «*" ( 6 ^Z,XSSnden 

3™ I, urn "d« tetsachHchen WfirmaQbergangskoeffidenten (U act ) fiir den Warmetauscher entsprechend det 
Funktion 

C„M W T hot - T r 
U _ . _ |n ( ) 



M w die MassenflulSrate des Mediums ist, 
T hot die Eingangstemperatur des Mediums ist, 
1 i die >.. .| h i u .mi' . .. i des Mediums ist, 

11 -i.ie.liou.li^l.olu ,rlp. lit l'i nui 

T, die Temperatur des Warmeaustauschfluids auf der gegenuberltegenden Seite del Flache del 
Warmeaustausohoberflache ist. 
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4. ObetwachunflsgerSt fur die WIrksarnkeit eines Warmetauschers nach Ansprucli 1, 2 oder 3, wobei 

5. Ubarwachungsgerat fur die WIrksarnkeit eines Warmetauschei 1 "" 11 

I ' i h ' ser ist . 

6 Hbcu < i i Waimetauschers nach einem dor Anspruciiu i bis .■>, 

7. Obeiwoc UK. i ii hp Wiiksamkeit eines WSrmetauschpts u, I - n ' I""' I" 1 ln '- ' 

8. Oberwachungsgci i ' i nkoit eines Warmetauschers nach einem der Ansprucne 1 bis j, 

wobei der Wfirmetauscher (10) ein Verdampfer 1st. 

9. Uberwachungsge m i ' ,i nkoit eines War mewu > I i l )ltlll( ( 1,1 ' 

wobei der WSrmetauscher (10) ein Verflussiger ist. 

colons 

1. Moniteur pour ie eontrale de 

•: '=..- ' 

1 1 i, I < . j ii i ( i i ! I .lulu 'I . ml. ,.n mi ,p, n , til I ii u o i I 

d'echange de chaleur et un fluide d'echange de chaleur qui passe contn le cote oppose de la surface 
d'echange de I i ill n I nt: _ 

-ii > i , W \\ d ii m I I l ' 1 1 ' ... tun.- (ir,) .«« Mi II i. 'I I II !«• 

correspondant ft sine temperature de sortie (T froId ) du support sortant de l'echangeur de chaleur de ohaleur 

'un deuxieme moyen de transmetteur de temperature (TT 2 ) pour delivrer un deuxieme signal 
eorresponcidu, n . n i. i ' ■ i 1 " 1 " ' ' 1 1 ,! 

un troisieme moyen de transmetteur de temperature (TT 3 ) pour delivrer i- «»••«•«■»••• 
correspondent a une temperature (T r ) du fluide d'echange de chaleur sr- 

d'echange de chaleur; . , 

un premier moyen de debit massique (FT,) pour delivrer un quatrieme signal correspondant a un debit 

i ;n i ii mil ii sritit a travers l'echangeur de chaleur (10); 

tin deuxieme moyen de debit massique (FT-,) pour delivrer un cinquii m ! I rr< ipondant a un 
debit masbKju. (i m di , I n . < i i i i pnssant u travels l'echangeur de chaleur (10); 

i , , , , , i , | I i Ii i i i ii i j i i ni •> I' 

transmetteur de temperature (TT,, TT 2 , TT 3 ) et au deuxieme moyen de d< bit I i prur calculer 

I 1 I lil ll,l ! in ■ I i I ' I 

chaleur (10) comme une fonction des premier, deuxieme, troisieme et cinquieme signaux, la surtace 

d'echange de chaleur et une valour de chaleur specifique du support; 

un moyen (50) pour calculer un septieme signal correspondant a un coefficient de transfer! de chaleur 

nominal (U d | S „) de l'echangeur de chaleur (10), et 

une united i i hi m Ik'.o au module de tim i i II i i ' 1 . yen (GO) pour 

i i ii iii i '/, ii. fiu rauiiikiiuleo poui ivlculei un mi n i u I n if-oponciant a 

, ii i 1 1 1 I i i I ill 

i ... |< , i in I i , . ( ) ( h ' i 1 1 I n, ni| 

2. Moniteur poui it n im'i uiir.nn i 11 I 1 1 vondicatan 1, 

i I .n i ii , ii i i | i n .. I i n '' 1 1 " 1 

" I ! ' (J! 1 1 ' ' , ' ' ' i 

i u , ii i i i i. < i i 1 ' 

masolquo (M v i i . i I 

, i n i do III:. ; i ii i i < ' -r >•• ' " 1 

signal, lo hoi au i 

,,,'ve,,,, <ui fin ii ii i ui 

,.holou, i . i „ih,i (li in: (do! mh.. nu ,r,o,-!i.lu pour film ..In uinfano do support (n05 n, on u.o.uuio pour iilru no 
ourrooo - In llui'do ..n.Pom.i: no ulmloui <n0! aim do oolouloi In sopi.iouio oKjuai un.roopnndo. o on uomhumm 
i , , , i mts de support et de film de tluitie 

d Mnnitnur m.ur d; oonrrnio do-moii fnruuinoos d'un cclmnnoui doudulou, union I; rouonoioumon i on 
2, dans lequel ledit module de transfer! de chaleur effectif (60) comp luralil 

, ,, n.s de multiplication {64, 65), une pluidln i i i cm (66) et une 

unite de fonrtio . n II ' ' ' 1 ' 

le coefficient de transfert de chaleur effectif (U off ) pour l'echangeur de I I - lo Fonction: 

C p M w Tchomj -~ T r 
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a chaleur speeifique du support, 
w est le debit massique du support, 
I" rh ud est l.m >i i du support, 

, i I < I n. ' 'ii l> 

A est la surface d'echange de chaleur, et 

T r est la temperature du fluids dechange de chol i til i ■ 1 ' 1 

chaleur. 

4. Moniteur pour ie controle des performances d'un echangeur de chaleur selon la revendieation 1, 2 
on 3, dans lequel ledit support est I'eau. 

5. Momtet i pou le confiolo C i i . i u i , i I 1 ' 

i ion:; (')i-'i i i i 1 i I i ii I a 'ii I 1 

6. Moniteur pour le controle des performances d'un echanc i 1 1 ueloonque des 
i ion h'i .1 n ieqi A lent (Inn ci i (I ) i l 

7. Moniteur pour le controle m i ■l«ti h.i n "I 1 1 ' 11 1 1 1 1 ftlconquedes 
irvcndicdtloiis i I ill i i .i chaleur (10) est un refroidisseur d'air. 

Ill I I II ! ii I I i I l I i 

on 1 1 1 1 i lis lequel di ch . ur de chaleur (10) est un evaporataur. 

9, Moniteur pour le controle des performances d'un echanqe in I I > l< i I i juelconque des 
revendir jiio i i i < ,i i i i 1 \, mi de chaleur (10) est un condenseur. 
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